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1 . GENERAL 

1.1 This section is intended to provide REA borrowers} consulting 
engineers, contractors and other lntere;sted parties with technical 

information for use in the design and construction of REA financed tele- 
phone systems. It discusses electrical protection measured and protection 
devices which are applied to open wire telej^orie cix*eults« Because open 
wire circuits have a dielectric strength much hl(^er than other types of 
facilities to which they are connected, protection applied to open wire 
facilities consists of means to protect persons and property from the 
effects of electric supply circuits in proximity to the open wire circuits 
and to protect connected facilities of lower dielectric strength against 
damaging lightning surges which can be fed from the open wire to the lower 
dielectric strength facilities. The protection of poles against lightning 
is also included in this section for convenience. The basic principles of 
protection of telephone plant are included in TB & CM-8pi , ''Conditions 
Requiring Blectrical Protection." Familiarity with these principles- is 
necessary for understanding the specific information provided In this 
section. 

1 .2 This section replaces TE & CM-820, Issue No. 2, dated June 1957. 

The principal changes include the provision of more complete require- 
ments to ensure better coordina-bion of power and telephone sys-bems with 
the Intent of safeguarding both main-benance personnel and the public from 
the standpoint of personal safety* 

^ Coordination of pcwer and coroimwleatlon circuits is not 

idiere Grade B construction ( See National ESlectrloal l^fety Code ) 
^^%ts. However, provision of Grade B construction is more expensive than 
^Coordination in accordance with this section, and is not, therefore, 
reconmended* 
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2. KMBR CONTACT PftOIECTOflS 


• Itower contact protectors serve as means of achieving coordinated 
j protection of open wire telephone circuits which are 

Th^ contact with electric supply circuits, 

phone cwducto^^*^°*'* ^ event of a contact between power and t®la« 

a. To achieve prompt deenergization of the power 
circuit, and 


b. 


to prevent holdover of subscribers’ station 
protector fuses* 


circuits protection exists (l ) when the power and telephone 
ci^c^i wm ie maintained that the power 

owr^lo^f^ initially and on subsequent 

po«r proMcUv* th« event of . contact irtth 

toleohone nlent’rf.*!!? ““ '"’Itagss and currents Ijipreoeed on the 

hasardtrnerL,™.! ^ ststiono, and shook 

to pereonnol idio majr cons Into contact iilt(i the telephone line. 

““ist of oir gap arreatere Kith carbon 
ground! ‘f* tolophono oondootora md 

S . 1 braak doun at approximately 2000 vni+*ji r*mn 

Woal^OTrrant carrying capability of these protectors la shj^ on' 

of the tlne-ourreit ISaS? Jj^aStoS^Uo'S t^e’^Il'' 1° 

the^r JontaJt ^ deenergized before 

and coordination is assured and before the line wire is fused, 

the right of the curve^LTagure ^ 

tector will be destroyed befwe the contact pro- 

the power circuit. If the cower deenergize 

of the time current fusing curve Tails to the right 

deenergized, with the likelihood th??”+^«^+*'? S® ^^® pei^anently 
energized lAdeflnitSy. SftJtii of f w’maln 

for I0I4 copper) will have a mo^^*«n«^+^*® ^c'wd in REA plant (except 

^protaotor 1. a«to»tloally aaaurad.’ 
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2.1i Because the power fault current decreases with tine due to 

increase In resistance of the line wire, this fact must be taken 
Into arjcount in determining whether ooordlnati<Hi exists# Figure 2 •shows 
the relationship between time and the ratio of hot to cold resistance for 
1 09-1 stool telephone wire* From these curves, the time required for 
fhsini 109-135 wire at constant currents may be derived* (Figure 3) 

?.5 Power contact protectors are used to provide a low Inqpedanee path 
to ground for electric supply fault currents In the event of a 
power contact, and a further function of these protectors is to reduce 
the. duty on subscriber station protectors to safe values; -therefore, it 
is (Evident that in their application the lowest resistance ground con- 
nection practicable should be used for proper operation* This condition 
can usually be obtained if the ground leads of the power contact pro- 
tectors are connected to the imiltlgroimded neutral (MON) of an electric 
aupjjly system* 

2*6 With other than MCBI type electric distribution systems, coordination 
is usually more difficult and may be Impracticable to achieve because 
of the absence of a low impedance path to ground for power contact pro- 
tectors* Unigrounded neutral systems and delta systems equipped with 
grounding banka and ground relaying have permanent ground connections at 
substations* The ability to achieve coordinated protection with such 
systems in the event of a contact with a telephone circuit Is, therefore, 
largely dependent upon the availability of sufficiently low resistance 
local ground electrodes for grounding power contact protectors. The 
maximum permissible ground resistance can be oosqjuted for each protector 
location* With isolated delta power systems having no ground connection 
at substations, large fault currents will flow in a telephone circuit in 
the event of a contact only under rather special conditions* The pro- 
bability of these conditions occurring cannot bo accxirately predicted. 
Deenergization of isolated delta power systems cannot be controlled by 
the spacing nor the ground resistance of power contact protectors on the 
telephone system* It is, therefore, considered impracticable to achieve 
coordinated electxd.cal protection with an isolated delta power system and 
power contact protectors should not bo installed* Where such power systems 
are Involved, special care should be taken to avoid conflicts between the 
power and telephone systems and if joint use is contenplatod, Grade B con- 
struction should be required. 

2.7 Before specifying power contact protectors in a telephone system 
which is exposed to the possibility of contacts with an electric 
distribution system, other than an Isolated delta power system, the bor- 
rower's engineer should investigate the time-current characteristics of 
the fuses, circuit breakers, and other protective devices installed on 
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supply ayatem and compare them with the time-currant 

protectors and with th® time- 
i characteristic of the line wire Involved, to deten»dne 
©leotrical protection can be achieved. Hgurea 1,2 ami 

coordinatircan feadijf 

line wire. If c^ordi^ 

of nrnf A 4 - posaible with the standard spacing, closer SDacina'’ 

distribution systems of the M® type 
whose no^ai^S??lf*l^^ currents do not exceed about ^500 amperes^ 

Is usuaiTn^ ZllZ ^ ^1^. tho^ 

protectors are grounded to the ww protection if power contact 

grounded to the M® and are spaced at proper intervals. 

subsection 3 niU prevent hold- 

is desirable to ensure that +hA * in accordance with Appendix A 

specific oases, acoeptabrin 

INSTALLATION OF POWER CONTACT HiOTECTORS 

SSa Sbul ca.ditlone where ncner eon>.-e prctecWe .re 

clroulto i<here*'th^e*^e tulophon. 

^pply Circuit, vith vhlcS cMr<lSfS“f‘‘“ of contact Kith electric 

uonmctn* exlat «t (I ) polor'-^eh"'’^'''* P°“'l>>lllty 

‘oniiicts, and (3) c^oafl^no■ n- PP-^e® which are in 1olnt »«« /o\ 

y?®^"^<^igPounded neutral ^er sJatem^^* protectors should be used^^ 

volts to ground are InvolvsH^^p”^ operating between 3000 and 

^ystema whose operatin/? voU ^^tlgrounded neutral sunniv 

bther type. .X S.cWc® llmlt*:^ 

"tacts, a ep,cl,a atudy la re,L.3 bf Jh1 

^asarijotot u.. inef..,,...- ■ , . 

3 *21 Thd standard lnfi+Biiii4-4 j* 

-ca ^oSrS’S^S rjbrp^ie, 

/I ■ 

value of 2000 volts Protectors are those haiH 

Hating in th^-n "‘/I"® -current curve ® nominal breakdown 

Materials Acc^p^bS^t'Sse" ^ 

use on Telephone Systewa 

- - 
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3«212 p^8®? Ajb i-Hitay waiT 8 as 

a@ i^ustrAts<| in ippstndieos A and B* 

Sli®6® apffieinijs wiil, b® Qt 20 c^^as par sin^s 

Una eombiatore ¥nbXa X giw@ infomat^ic^ on disi«ai^a@ uhieh approxinsta 
20 ofmM for '^aipieias ec^daj^t^rse 

3*213 Off^ound pf^tactoro to th® faoXtlsroundad mutral via a vertical 
pola gr^md isiird in aceordanca %fith 3*23* 

gABU 1 


Interval in Rdlos !&iterval in miles 

typ® of batuaon ^mt contact from crossing 

Conductor protectors for Joint equipped id-th power 

- 1 1 , — - uee contact protectors 


10^ copper 

060 liC^ cof^ero^covemi ateel 

10J( » <4 « 

128 M » « *, 

000 30^ M w « 

I 0 i» 30 ^ » M * 

120 303S " » « 

(91 Alumlnuoaclad ateel 
102 * *> » 

1 20 " M « 

109 Oalvaniaed steel Orada 85 

109 ® *» •* . 135 

109 " *• “ 190 

13ii •* » « 13^ 


it.o 

2.0 

1.0 

0.5 

2.0 ' 

1 .0 

3.0 

1.5 

0.7 

0.35 

t .0 • 

0.5 

2.0 

1.0 

0.6 , 

0.3 

0.8 

o.li 

1.0 

0.5 

0.5 

0.25 

0.5 

0.25 

0.5 

0.25 

0.6 

0.1* 


3*22 The standard Inotallatlon ehould be speciflad in Instoncus 

viiere its use will result in meeting the requlirenenta for coordi- 
nated i^otectlon* Installatlona wbieh do not comply with 3*21 are regaruod 
ae apeelal Instellatlons. fl^lal installations should be specified only 
where the ^cl«l stui^ referrod to In 3*11 shows the need. 


3*23 Connection of the ground leads of power contact protectors to the 
MdS of the power line should be acecstilished by the appropriate 
method tw the conditions prevailing at the pole in question as .followst 

3.231 Cemdltloft Method 

?bl« already e<p4ppsd with a The ground leads of the power 

vertical pole ground wire which contact protectors should t« 
is connected to the MCW connected to the vertical pole 

ground wire by telephone line* 
0 men if ii.thisjhasi::been agreed to 
i-:,.' by ^ the power# company. 


• 5 « 
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•3 *232 OMtdltlon 




Fold not equipped 
with vertical pole 
Ufonr. J wire 


uuv 


. -Ml guesTiaon la &% the 
beginning or end of a Jqint iiee 
section, a #10 copper ground wire 
shoi^d be attached to the pole one 
foot below the telephone wire sup- 
port fixture and should be extended 
up the pole Just through the tele- 
, phone working space. A sufficient, 
length of the #10 copper aground wire 
to reach and be connected to the MON 
should be loft coiled and taped. The 
ground le^s of the power contact pro- 
tectors should bo connected to the 

connection of 

#10 ground wire, to the MOM should 
^ made only by a power company lino- 

Tthe^il question Is not 

at the beginning nor at the ending of 

a Joint use sectlop, the Xooatiw of 

the protecter may be shifted one span 

the installation on a. pole which Is 

” vertiikl'^le 


J.J 


3.31 


Uwlted Joint Um Sectlonii 


situations nr> pole lines to a subs'eHKf^t^®*' joint use spurs 

?** ^iBphwie olrouli, at th**'?**^^?'*' ahoul^ bo 

CroaBliY [« 

34I4I DaI li 

circuits - >«ltlgrounded neutral tvne «i 

J KV to ground ‘wwiraj. type electric supply 
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3.U11 Crossings of alsctrlc supply circuits and telephone circuits 

should be made on joint poles ^diere praeticablei as pointed out 
In MA ¥E & GM~601 « With proper attention given to the n^chanical design 
of a jointly used pole at a crossing^ and uith poirer contact protectors 
installed, the situation from a atandj[»int of the telephone plant is more 
favorable than at a crossing made on separate poles, since the possibility 
of contact is decreased end a good ground connection for the power contact 
protector is usually readily established. 

3. ill 2 Wbsre a crossing of an electric supply circuit of the common 

multigrounded neutral type is made at a jointly used pole, power 
contact protectors should be installed at the crossing pole on the circuits 
occupying the top crossam of multicircuit open wire leads or on the 
single circuit of single circuit leads, except as may be modified by 
3.i4l3. 


3. ill 3 Power contact protector Installations at joint pole crossings 

with MQN type power lines provide a low liiq>edance path to ground 
for fault currents on circuits exposed to power contacts for a distance 
on each side of the crossings. A circuit which is Involved in more than 
one crossing with the same power line need not be provided with power con- 
tact protectors if it has a power contact protector Installed at an adjacent 
crossing within tSie intervals specified in Column 2 of Table I. The con- 
nection of the ground load of power contact protectors to the MGW discussed 
In 3*231 and 3*232 applies also at crossings. , ' 

» 

3.U2 Joint pole crossings with electric supply circuits of other than 
the nultigroundad neutral type, 3-1 5 kV to ground or between 

{^ases I 

3.U21 With electric systems of other than the multigrounded neutral 
Lype, it is more difficult to provide effective electrical pro- 
tection. Construction at joint pole crossings, therefore, is even more 
Important than with multigrounded neutral systems since greater reliance 
must be placed on avoiding contacts by Interposing structural plant 
between the power and telephone conductors which irdninlzes the' probability 
of contacts, (kmelderatlons which woxild govern whether or not power con- 
tact protectors should be installed at crossings with other than MON type 
power syatems are discussed below. 

3.)422 Power contact protectors should be specified at crossings with 

unigrotmdod '*wy 0 " and delta power circuits equipped with grounding 
banks and ground relaying if the special study discussed in RSA T1 ft CM-dOl 
indicates that coordinated electrical protection le practicable. The engi- 
neer should determine apecificallyt (1 ) The method of grounding power con- 
tact protectors, (2) the maxlmun permissible ground resistance, and (3) 
whether or not special protectors are needed. 


- 7 - 
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3 •1*23 Power contact protectors B5iou].d not be InBluiillod at si.;, <.i:' 
with isolated delta type poim’ systamsa 

3»J43 CrosslngR with electric supply circuits in ostcess of 1}j kV to 
ground. 

3 >4431 The use of power contact protectors at a croostog will ir®cjuo,nt»iy' 
laake it unnecessary to adopt further precautions oven l.f the 
nominal electric supply circuit line voltage is aoitiawhat :ln oxcoss of 
iSjOOO Volts to ground j provided coordination can be achieved. However j, 
at crossings where the electric circuit voltage to ground is of the order 
of 25,000 volts or liigher. Joint pole crossings are not generally rocovti- 
itiended and tiie borrower's engineer should determine what protection 
measures, if any, need be taken. This is the case whether the electric 
circuit is classified as a transmission circuit or as a distribution 
circuit. In general, the higher the voltage of the electric system the 
less the probability of a power contact due to the increased strength 
and clearances required for the electric system. This Is particularly 
true for power transmission systems where the importance of a line IVom 
the power operating standpoint calls for a greater margin of strength in 
design and construction. %)acifically, the engineer should chock toe 
general physical condition of the power line and its basic strengtiu If 
these two factors are satisfactory, specific measures of electrical pro*'* 
tection at the crossings are usually unnecessairy. If either of these 
factors ia unsatisfactory, a cooperative design should be davolopod wl.th 
the power organization to obtain a crossing of adequate mechanical strengtl 
and clearances. Alternatives to this would be to consider (1) an und®r«* 
ground crossing or (2) a Joint pole crossing with electrical protection 
if an investigation of the power system fault currents ai>d protective 
device settings indicate there is any practical possibility of obtaJ.ning 
electrical coordination with either standard or special power contact 
protectors on the telephone lino. 

3 -Ml Inspan crossings with electrical supply circuits, 3-15 kV to 
ground or between phases, 

3.i4l4l No effective protection sirrangements comparable to Joint polo 

crossings are available for crossings within spajis. Where ouch 
crossings cannot be avoided it will usually be necessary to rely on 
adequate construction at the crossing. As an alternative, it may be 
practicable to protect crossings within spans by means of power contact 
protector installations at a nearby point where a common multigrounded 
neutral is available. Other alternatives in cases of withln-span crosoingi 
with multigrounded neutral supply circuits Include the installation of 
P^r contact protectors on one side of the crossing and connection of 
the protector ground leads to the neutral by means of trenching or a slack 
span (Unit PM2B of REA Form 5l1) depending on local conditions. Another 
possible alternative which can be used with other types of supply systems, 


- 8 - 
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except isolated delta systems > is to Install power contMt protectors 
on one aide of the crossing, and groxmd them locally toy means of a ground 
electrode, or electrodes, having a gromd resistance low enough to insure 
coordination, if this can be achieved at a reasonable cost* In all cases 
coordination requires that the power system circuit breaker characteristics 
shall bo such that the telephone line wire will not be fused open and the 
power contact protector will not be destroyed. 


U. CABLE BUFm PROTECTION 

Iu1 Air gap lightning arresters should be installed on open wire leads 
where required for cable “buffer ” protection as outlined in REA 
TE & CKt-8l5« Lightning arresters should not be installed on ci rcuits 
on which power contact protectors are inste ad ■ within one-half mile 
of the cable deadend as these protectors aliord light ning protection as 
well as power contact protectionT ^ 

5. DRAINAOE UNITS - THEORETICAL CONSIDERATIONS 

$.1 As explained in REA TE «c CM-.80I , open wire- telephone circuits ^ 
Joint use with, or in parallel construction with elsctrLc ^j^ly 
lines will have voltages induced in them by both the electric and the 
magnetic fields surrounding the jxwer conductors. The voltages due to 
the magnetic field under load or fault conditions in most distances ^e 
not large enough to require raitlgative measures y In situations involving 
unusually high fault currents and severe ®»po8uros, spe^al ^otMti 
measures may be required and ore discussed in REA TE & M-825* ^ 

units discussed herein do not provide effective protection again mag- 
netically induced voltages. 

5.2 The magnitude of the electrically induced volt^e on 

open wire telephone conductor having infinite leakage resistance 

depends primarily on the relation) 


Cl + C2 


Where 


Gil':' 




to ground of the telephone 

of the voltage in all 

ephone ■, 
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ttep.. of tSe^ioiw 

could bo subjected i ,**«»«+• that could bo passod through 

13 rou«hly» 


I « 
Vp 
w ® 
Cl 

L - 


Vp w Ci L where: 

- residual voltage of the power line 

• 2 77^ X frequency . ^ 4 . , 

" capacitance per unit length between the power conductors 

and the telephone conductor in farads 
Length of the exposure 


The magnitude of both the .voltage and currents given by the above equations 
rsipresent waxiwuun values and would be reduced soniei^diat by the paral.!©! 
patho from the telephone conductor to gromd provided by divided rlngora 
.vid leakage* 


‘>.3 Aa Indicated in REA TK & CM-801, the electric«aiy induced voltage 
may be quite high on severely exposed lines and the cursc^nt which 
rould be drawn through a contact may be large enough to cause a heiaardoua 
siurprlse shock* A high electrically induced voltage level on a •belephono 
line can also cause (l) dusting of carbon blocks,' (2) false ringing of 
ringers, and (3) damage to ringers. These conditions can usually be off- 
set by equipping the telephone line with drainage laiits. Drainage units of 
a suitable type should be installed in such qpiantities as needed to reduce 
the voltage on the line to about 50 volts and the current which can bo 
tlriwn through a I500-ohm ground at any point on the telephone line to 
‘ipproxUnately 0.016 angjeres, where' practicable to do so. From a practical 
consideration the current which would be drawn through a l500->oh»» resistor 
i5 due in part to the electrically induced voltage and in part to the mag- 
notically induced voltage* In this discussion, as previously Indicated, 

It has been assumed that tlie current due to magnetically Induced vcltage 
1 5 negligible. In some instances, however, the current due to magnetic 
Induction may to too large to ignore* All of the following installation 
instructions are based primarily on electrical protection conslderaiions, 
in effect of drainage units on noise are covered 


* voltage of 3-phase power distribution linos is 

phone lines wnits are not usually necesaary on tele- 

So:Siidt^ to f ^ construction with or are located in close 
SlMWw r linea operating at voltages up to 15 kV* 

less than*69W m operating at voltages 

telephone circuits if dralna^ units are not usually needed on 

pnone circuits if the exposure is less than 15 milea in length. 


•• 10 
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5 *5 On multicircuit open wire telephone leadsi a considerable ainount 
of mutual shielding la provided between the several telephone 
conductors* The application of drainage units to one or two circuits 
on a multicircuit lead will substantially reduce the voltage induced 
on the unHi’ained circuits as wall as on the drained circuits* Advantage 
is taken of this fact in our installation instructions in the following 
paragraphs which limit the installation of drainage units to the top 
crossanm only in all cases, and to not more than two circuits on the 
top arm in the case of Joint use with circuits of 8700 volts or less* 

\i.6 Drainage units of the inductor-capacitor type (Section 6*1 ) present 
a relatively low longitudinal impedance to ground for 50 to 70 Hz 
and a relatively high impedance across the line at voice frequencies* 

This provides effective drainage i^thout appreciable transmission or 
ringing loss on systems using ringing frequencies of 30 Hz or lower. 

At frequencies within the range of ^0 to 70 Hz, the inpedance of tuned 
drainage units with one line terminal grounded, as is the case during 
ringing, is somewhat comparable to that of a fairly low Impedance ringer. 
The shunting effect of two or more drainage units, to grounded ringers 
responding to selected frequencies within the range of 50 to 70 Hz, may 
be sufficient to prevent satisfactory ringing on long loops* ftingers 
in this frequency range, therefore, should be located as near to the 
central office as practicable and the use of 60 Hz ringers should be 
avoided where possible. Since the impedance 'of the ground connection 
of the drainage unit is in aeries with the longitudinal impedance of the 
unit, maximum drainage efficiency will be achieved when it is connected 
to a low impedance ground electrode. In most instances the lowest Inpe- 
dance ground electrode which la readily available is the MON of the 
electric supply line* The gain in drainage efficiency resulting from 
grounding drainage units to an Mffli in lieu of to a ground rod of 100- 
to 1 50~ohms resistance is not large and is offset, to some extent by the 
probability that the units will be destroyed In the event of a power 
contact. However, it la important in some instances to keep the level 
of the induced voltages on the telephone line to a minimum to alleviate 
noise problems. Grounding drainage units to the MCW in all Joint iise 
applications is also less expensive construction than connecting to groxind 
rods. In view of the above, drainage units installed on telephone circxiits 
which are carried on Joint use MCBI electric poles should always be grounded 
to the MON via a vertical pole ground wire. 

5.7 At carrier frequencies the insertion loss of present standard 

inductor-capacitor drainage units is very small and may be neglected. 

6. DRAINAGE UNITS - DESCRIPTION AND INSTALIATION ^ 

6.1 Drainage units consist usually of inductor-c^acitor networks con- 
nected from each side of the line to ghound. With the inductor- 
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W.8h*pSto^Sj®5ue 

joint uae with alngle or "we^* p haoo tewar olrmi< »n 


Do _ 

Wait urii>xi a 
are neceeaary, 

. f>«*’"^«^t°ilh^uld^ one drainage unit 

6.21^ drainage w ^ uae aectlon. 

with 6.221,. ® « ould be grounded to an MCW i„ accordance 

^•22 Joint uae M^f-i 

*•«' rr- 

anictlon?***"* Electric Conjjanjr's Ifc^* tba^liSuil** ^ 

- ^ olrcult dwtfid b. 

latest exposure. *op oroosarm, which 

*223 If the Joint use 8efit^^ 4 

^^^Jocatei oxceeda 

sr£;r£?>T:xrc*fl‘f«"«ci^ 

‘•’“ :-4r“ ^TT.: ’•“ ■" -Si"™ “ ““■ 
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^olnt with, ritffi" O'- "^'1 rh««- P""” 

6.31 .IMnt uaa aectlonB - gor o to 10 nill^^B In 

MtS K?rrs“To5or 

arm as part of tho initial constr uction. 

6 31 2 Locate the drainage units at approximately the 6^32li^ 

3^Jnt v,rseotlon%nd ground to tho MON an dooorlhod in 6.32U. 

6,32 Joint use flection exceedlji ^ 10 miles In len£tji 

6.321 Install inductor-capacitor 

Wefltern Electric Conqsany'a No. lOdC, as — 

conatructlon . 

6.322 Two drainage units per circuit should be installed on each pai ^ 
on the top crossairm. 

sr. 

i^i:^or:;:nrf.croi«g 

S13. C^rSodSr^scrlbod in U ohouid bo fcUovnd. 

6.32I4 The ground ter^alo of fv^ruSl^pole 

the multlgroiinded neutral of the power sy 

gix»und wire. 

6.U In all of the above instances requiring the ^t^^s^- 

units "as part of the initial construction ground connections 

lotions should bo mode thatlSs procedure be followod 

rfrrlt"pe®;libTe ruri^-o/^cXXorrSlats shooh basard. 

difficulties which probably would be ble woSd occur if more 

per circuit were used. Whether or not ringing trouble wouia occ 
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thm two drainage units werfl installed depends on many factors. Including 
fl) the ringing generator voltages, frequencies, and regulation curwej 
(?) the ringers’ impedances, sensitivities and selectivities: (3; the 
mthod of connecting ringers, (1<) the loop resistance^ and (5) the degree 
of balance of thu lino. If, after all terminations have been made, the 
voltage level with two drainage units is still high enough to dust carbons 
or cause boll tapping, a third unit should be connected midway between the 
other two. lUnging tests should then be made at all stations on the line 
to deterrdno if satisfactoiy ringing can still be obtained. 


Won.1oint Exposures 

6.61 Open wire telephone leads which are exposed in other than joint 
use situations, such as at roadway separations, usually have much 

loss voltage induced in them because of the reduced coupling betTieen the 
two circuits. The currant idiich can be dravm through a ground on the tele- 
I^one conductor is likewise lass for roadway separations than for the usual 
joint use separations. Because of these facts,, drainage units should not 
be installed as part of the Initial construction. If, after the system is 
in operation, drainage units are found to be necessary,, inductor-capacitor 
J^ta equivalent to the Western ETlectric Company’s No. 108C unit should bo 

6.62 C^n wlro telephone leads which are eoqaosed to single or ”vee" phaao 

not circuits operating at 6900-870O volts to ground .will 

K mHai, drainage unless the length of e^^aure exceeds about 

GMnaritr,!! expoBUTes greater than miles are encountered, an Induotoi 

beSwi^e unit should be installed at about 8 ndlee from^^ 

ba^^tallad l5-ndle Intervals. Drainage unite should 

and should be groundad°to^*^ffrft^ subjected to the greatest exposuiH 

oe grounded to a ground rod (Unit JM2 of REA Form ^lla). 

volts to JJound should equloMriitrri^ operating 8700-1$,000 

ttnlts at 10-mllo intervals inductor-capacitor typo drainage 

^ the beginninrof IS J installed $ mil^ 

two circuits which are subjSerto ^ provided on the 

grounded to a ground rod as i^dicatef ®3tI>o»vxre and should be 

7* uomnniQ pROTEonoM wkes tor tomb 

MDomUT*^ P^«''lii*oertS!n'aMa5"'^ apltttlng of 

“pomr... * condltioM^hmfS^ ^denc. md severe 

nax^ions should be made by the borrower’s 
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engineer to determine to what extent this Pff f 
Cmrily, extensive use of SS d^ per 

necessary only in areas having more th^ should bo installed 

year* In su-U areas lightning protection . « jjill 

on poles vhich arc severely exposed ^^”frees or a\igher foreign 

with little or no shielding such as L several poles 

polo line. Protection wires should alw the exposure is 

ad.lacent to hill top exposures. be SstSSed on 

more uniform and leas severe, protection ^r . normally con- 

ew’ry fourth pole. Pole lightning protection liphtnlnc storm days 
sidored necessary in areas which have per year 

per year. In areas having between 30 and 6o gHop ^cSloSis 

^plication of lightning protection wires to poles at hill P 

should bo adequate , . 

7.2 This form of pole protection normally consi^s of 

from the top of the pole to the butt (Unit mi of Form ^1a^ 

Vfhere it is necessary to install lightning ataoled from 

a PM2 unit should bo used. The m2 unit consists of a ^ire a^pled f 
the top of ,a pole to slightly below the ground line at which point It 

connected to a ground rod. 


8 . GROUNDING NONWOHKINO OPEN WIRE 

8.1 Open wire which is not connected to centx'al office ® ?;! 

sidared to be "nonworking." Nonworking o^n wire aidst as a 

induced in it from nearby power conductors. Voltages also 
result of an accidental contact with the power "®Jhr^ 

wire should, therefore, be grounded to a low voltages, 

beginning of the nonworking section to reduce the bounds ^ 

If the nonworking section exceeds 10 miles in length, a . . -g 

should be placed at approximately 10-mile intervals. The °®" 

tained in this section apply principally to newly 

that is not immediately connected for ser^ce but ^ ?^L*^goinBnta . 

which has become idle because of service disconnection and plant, r gwnw 

8.2 When grounded nonworking wire is to be connected for ®®?’^^®^ 

not removi© grounding connections until tfee entire long . . with 

working wire h^s been visually inspected from the ground fo 
power wires. 


8.3 Rubber gloves should be used when making or breaking ground connection®. 

6 .I 4 Nonworking wire xdiich is required to be grounded should be grounded 
by one or more of the following methods 1 


•• 1 5 - 
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At c«bl« terminal pol«a 1^ eotuMOtJAg brldl« «ir« A:<»i «eoh unn* 
worfrlrw open wire eoaduoior to the oable mupenelon strand with 
•ttltablt oonmetore. The bare ends of the wires of each bridle pair 
elimld be twitted together and placed under the washer of the cable 
laeltiAX olaap, 


a.lj2 At polet equipped with wertieal pole ground wires which in tum 
are inUreonneoted with an MON, bridle wire should be run fr^ 
the oooworklng wire to the vertioal pole ground wire and should be 
nected to the pole ground wire b/ neans of a split bolt typo of con^otor 


.‘JpIj'S:,!** “"“'“‘o” to th. .h»uid b. «d. by of . 


• 16 e. 
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APPBWDPt A 

Ihl. appendix dlacuasoa In «»• detail th. neoeaaapy ‘2 

detendnlng the plaooiaent ot power contact protectors, from the elan 

point ol* preventing station fuse hoXdover© 

In order to deterroine whothor a given spacing between 

toctors will provent holdover of station fuses in the intervening lengU 

of vire, the following considerations are essential. 

The conditions most likely to result in holdover are whens 


1 . A station is connected to a point nddway between the power 
contact protectors; 

2a a power contact takes place at this same point; 

3. no other stations are connected within this section; and 

U. the section ie the one nearest to the power system sub- 
station feeding the Joint use (or crossover) situation. 

In order to evaluate the case in question, it is necessary to determines 

1 e The Impedance of th® power circuit from the point of eon- 
tact with the telephone conductor back to the substation, 
including the generator (transformer) and ground impedance. 

Call this Zp. 

2. The expected in^jadance of the telephone station di*op wire 
(one conductor) and the ground electrode. Call this Zg-^. 

3. The iitqpedanco of the telephone conductor (one wire) from 
the contact point (cantor of the section) ^ one of the 
adjacent power contact protectors Including its ground. 

(new gsround impedance may be assumed to be 5 ohms.) Call 
this Z^. 

In the event of a power contact half way between power contact protector 
(worst case) the sequence of events will bes 


1 . 


The station protector, being much lower In breakdown than 
the p.Co protectors will break down first. The power current 
will be 8 


*P 


« 1 - 
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AfTSmXX A (Oxt’d-I 

nw^v^Ug. re«teli.g on th. rtatlon protootor vrt«. 

• ^1 2ot 


5^ KJ^tar than the breakdown of the nmiMv* 

Uct prottotoo (POOOP) on. of thoM proteotorJ^niTb.^ 
dow and the power current will be t 


“p 


® t,j 


®“ Parallel 
i*»podance 

^ voltage reaming on th, atatlon protector mu 

« 

'•« ■ "p - V ^ 

nnai power current will bet 

•no ti» voltage at the otatlon protector mil b.. 

• *i= - Ipj 2p 

. .0 c.lcuauon:g..omh,a 

• ft)ir6r system of 7200 v + 

fdoo V to ground • 

Power syetAm 9 4. 

toKphon. lino . point of oont«t mth 


- 2 - 
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Apre wDDi; A (Convai 

3 * Toletphono eystow 109 haviiig 2 **• 8 ohns/k ft>« 

|i« Contact protector spacing 3000 ft. 

Contact protector groimd to MON « 5 ©him. 

6 A telophon® station with fuse .. 

connected at the Bddpoirit of tb® 3(>00-foot length 
(wret condition) 0 

7. I^r contact at the midpoint as per 6 above. 

8. Station ground and drop wire Iji^dance - 1$ ohms. 

MATEt 60 H» impedance and dc reeietance are 
^ ^uivaleEIt for purposes of these calculations. 

. Win break doi,m first and the current will be* 

The atatlon protector wiaj. 

T » J[^22L~ « 290 amps 
^ TS + 15 

Thl. curr». wlU , 

and the circuit will cause fuse holdover. The second e^t 

sin: K'lSiis ™ » «ss.sr^“i 

z srsr».“-:;yi- — ~ ~ 

p.c. protector. 

«« the station drop and protector to ground will bet 
The voltage across the sta^xon ur p r 

1$ X 290 “ U3SO volts 

This would cause the f^the’^'^c.^rSectSrs. Onf of these will 

rtrtlon .1.0 ^.pe«-« on of ^ p. 
brsak dom and tha current uill no- 

7 200 - 

I ” T0TIT2 + 


7200, , 


1*00 amperes 


- 3 - 
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^lypiBmTT A (Cont*<Ul 


Th« volta«« ttcrooB tho drop and station protector will then try 
rlBo to: 


7200 - liOO X 10 “ 3200 volts. 

Th« holdover capability of the fdsea would be 

volu, except that the rising station voltage also appears aeros 

other p.c. protector and breaks it down. 


The cwrent will then bet 


I 


7 2f» 

10 + (12 + 5) ® (iz + i>) ® 


■ k6$ aii5)eres 

and^ B across the station drop and protector systOK 
- 7200 ~ li65 X 10 « 2150 volts. 

t 


The fusos will not holdover and the spacing d'a satlefactoiy • 
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Thla appendlJt doaoribae ^^^"n^neoasM^o* 

the spftcifw? of power contact ^ i ^ of its permanent 

avoid feeing of the line wtre an xu^,vyMer and telephone syatema is 
energisation. Coordination P^®L^‘*^otSor8 iV such tHat 

not achd.oved unleao th® spaoine of pc^wer f^t to ground 

the power circuit breakers are caused to wiro 

before the telephone wire can fuse open. Bumdown o,t tvne v 

is usually unavoidable. ' 

X irvn nc; «»+aal ouen Wire telephone conductor 
As ^ example, assume ^®^^.^^72ol.volt (phase to neutral) power dia- 
ls Involved in joint use idth a 72 contact protectors are placed 

tribution system. Also, assume that ^wor c^t t W 3 . 21 3 of 

at regular intervals, such as suggested in Table 1 parag 

this section. 

1. For several points along the of^e^ower 

power supply station, obta^ the of fault to the 

inductor from the source to possible points ol iauxT> t. 

telephone conductor. Call this Zp, 

2 . Calculate the resistance of the J^Jector. 

L a^umed contact point f ®J?®f :^,SItnhr6oT. • ; 

Call this resistance Ro. (This will appioi^ate t,ne 

impedance . ) 

of ?550^0- S.”av.rage un. ^ r-i.tan=. ctarlb. 

a contact just failing to fuse the wire will be. 

Ro * 8.g Ro 
2 


and the average faxilt current will be! 


X R o +8.^ ftp 

+ -"••• - • ^ r-—- 


Rg + Zp , . 

H is the MON resistance to which the p.c. protector is connecte 
T^is may be assumed as 5 ohms. 

Raferrliig to Figure U fled the time to requto^^ for 

wire at current I. If thle tl» to If « ^ Je chLoe that th. Itoe 

the power circuit breakers to lock ^ 1 ?®^%^.+ L. Increases of the 

wire will fuse open and remaixi ®f ^^^hfSous condition without 
contact protector spacing may not help this naz^ aeainat holdover, 

inpalrtog the protection of the telephone etetito ^„,lUve 

The only recoxirse under these circumstances is to 
circuit breaker settings by the power company. 
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time-current characteristic of atypical 
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Typiool Tttntd Oroinogt Unit 
Figure 5 


